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and other planets, solar radiation pressure and velocity changes from trajectory correction
maneuvers ('CM’s) and attitude updates. The filter will also beusedto estimate the errors
caused by ~rounci-base’d phenomenasuch as DSN station locations, Earth spin rate and spin axis
orientation, ionosphere delay, and slation-induced biases.

Once an update to the spacecraft.’s orhitis obtained, this information will be delivered
to the Mars Pathfinder Flight Team for mission planning and sequencing purposes. This
updated orbit is also used as the starting point for designing each of the four TCM's planned for
cruise, as well as predicting the conditions for atmosphcre entry.

Trajeclory Correction Maneuvers

1during the interplanetary cruise phasc, a series of four trajeclory correct ion maneuvers
(TCMs)are performed to compensate for Jaunch vehicle injection errors and navigation errors
that have occurred. These ‘I'CM’s ave planned for Launch+430 days, 1.aunch+ 60 days, Arrival-60
days and Arrival-10 days.

At injection from Earth orbit, the spacecraft will be targeted to a biased aimpoint to
minimize the probability that the PAM-D booster stage will impact Mars. ‘(M-I will undo
most of this bias via a ‘turn-and burn’ mancuver, where the spacecraft turnsto orient its spin
axis in the direction of the required 1 )clta-V and performs a continuous thruster burn. If the
required attitude is along a direction that would violate thermal, communication or power
constraints, the mancuver willconsist Of two turn-and-burnmancuvers (bothalong acceptable
directions) that vectorally add to the correct Delta-V. T'CM-1 will be the largest maneuver
performed during the mission, account ing for approxirnatel y 90% of the total Delta-V. TCM-2
will be performed 30 c1 ays later, to correct orbit deteriminat ion and maneuver execut ion errors
from ‘I'C’'M-I.

TCM-3 will be the first mancuver to target directly to the aimpoint that will result in a
landing at a predetermined location. 1)ucto the incicased distance fiom Earth to the spacecraft
at this point in the mission, the spacecraft cannot turn its spin axis fatfrom Earth and still
maintain communicat ion with Earth. Thet efore, TCM-3 will be executed as a ‘vector-mode’
maneuver, whereby the spacecraft maintains an Earth-pointed attitude and the maneuver is
performed as a series of thruster pulsings along the spacecraft’s axial and lateral directions.
TCM-4, which corrects errors from TCM-3, will be performed in a similar manner.

TCM-4 is expected to be the last maneuver prior to atmosphere entry. 1 lowever, plans
for a fifth maneuver will be made in the unlikely event of a large navigational error that
would jeopardize the success of the mission. This fifth nianeuvercould be performed as late as 6
hours out without severely impacting the series of events required for entry, descent and
landing. .

Interplanetary navigation accuracy assessment

There are two requirements that drive the delivery accuracy for the navigation system.
The first requirement states the error in i he flight path angle will be no greater than 10 at the
at mosphere entry point, which is reached a t an altitude of 130 km. ‘1’1 ¢ second requirement is to
deliver the lander to a predeterinined location cm Mars at 19.5° North latitude and 32.8° West
longitude, with a downtrack error no greater than 150 kmand a crosstrack error no greater than
50 kim.

Covariance studies and Monte-Carlo analyses have been peiformed to determine the
expected level of navigation accuracy that can beachieved. Inputsinto this analysis include
the magnitude of various spacecraft- based and ground-based error sources, tracking data
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Figure 1: Exploded View of the Mars Pathfinder Flight System
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